A total of 17 strains of Stachybotrys atra isolated in Hungary and Czechoslovakia were cultured on Sabouraud agar, and the toxins produced by them were chemically analyzed by gas-liquid chromatography, high-pressure liquid chromatography, and mass spectroscopy. Furthermore, brine shrimp (Artemia salina) bioassay was used for the determination of toxicity of the compounds examined. Macrocyclic trichothecenes (satratoxins H and G, roridin E, and verrucarin J as well as two other unidentified macrocyclic trichothecenes) were found in all of the cultures tested. The identities of satratoxins H and G, roridin E, and verrucarin J were qualitatively determined by high-pressure liquid chromatography and gas-liquid chromatography. [285][286][287][288][289][290][291][292][293] 1977). Forty years ago, the death of animals in the Soviet Union was associated with this fungus (C. U.
Eppley et al. isolated several macrocyclic trichothecenes (satratoxins F, G, and H, verrucarin J, and roridin E; Fig. 1 ) from Stachybotrys atra (7) (8) (9) . Harrach et al. confirmed these findings by isolating satratoxins G and H, verrucarin J, and roridin E from Stachybotrys strains of Hungarian and Finnish origin (13, 14) . Direct proof of the involvement of macrocyclic trichothecenes in stachybotryotoxicosis were predicted by isolation of satratoxins G and H from straw associated with sheep and cattle stachybotryotoxicosis (11, 12) .
Our objective was to evaluate the toxigenic potential of S. atra by identifying the various mycotoxins produced by Stachybotrys strains isolated from straw associated with field outbreaks of apparent stachybotryotoxicosis.
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MATERIALS AND METHODS
Culturing of fungi. A total of 17 S. atra strains, isolated in various parts of Hungary and Czechoslovakia in connection with animal death, were propagated. Each strain was isolated from a different outbreak and from straw in every case. The isolation of strains was done with wet filter paper. The isolates were inoculated with a loop onto 200-ml portions of sterile Sabouraud agar, distributed in 22 2-liter Roux bottles plugged with cotton wool, and allowed to harden in horizontal positions. Culturing at room temperature lasted for 20 days.
Toxin isolation. Fungi grown in the bottles were extracted with 300 ml of ethyl acetate for 4 h, and then with fresh solvent overnight. The combined ethyl acetate extracts were evaporated, and the oily residue was dissolved in 60 ml of acetonitrile that was washed with petroleum ether (3 times, 20 ml) and then evaporated. The residue was dissolved in aqueous methanol (1:1) and passed through a Sep-Pak C18 cartridge (Waters Associates, Inc., Milford, Mass.) that was washed with 1 ml of aqueous methanol (1:1) before elution of the toxins with 4 ml of methanol-water (7:3). The cartridge could be regenerated with ethanol. The eluent containing the toxins was divided into two equal parts and evaporated to dryness under N2.
HPLC. The evaporated extracts were dissolved in 0.5 ml of methanol-water (7:3), and 0.1 ml was injected into a reserved-phase Polygosyl 60-D 5 C18 column (25 cm by 4.6 mm; Macherey-Nagel, Dusen, Federal Republic of Germany) on a high-performance liquid chromatography (HPLC) apparatus (Waters Associates, Inc.). Isochratic elution with methanol-water (7:3) was used. Peaks which eluted at retention times identical to the standards were collected and evaporated to dryness under N2 before mass spectral analysis (MS). The amounts of the individual toxins were estimated by HPLC (Fig. 2) . MS (AGI MS 92 [Micromass Mass Spectrometric Co.] mass spectrometer; direct probe) was used to prove the identities of the materials separated by HPLC with the standards having the same retention time.
Gas-liquid chromatography. Sodium methoxide reagent (1.15 g of Na in 100 ml of methanol, 100 ,ul) was added to the dry residue from a Sep-Pak cartridge and heated for 15 min at 60°C. After the reaction ( Fig. 1 the amount of this toxin produced was more than the amount of satratoxin G in 7 of 17 strains and less than that in 10 strains (in three strains it was even less than the amount of roridin E).
These results seem to underline the predictions of Tamm (22) that these 29-carbon-containing macrocyclic trichothecenes, satratoxins H and G and roridin E, belong to the same biosynthetic sequence, whereas 27-carbon-containing verrucarin J is the first toxic macrocyclic trichothecene member of another biogenetic sequence more independent from the first one, as reflected by the variations in toxin contents of the different strains. In addition to the Hungarian and Czechoslovakian strains described here, an American S. atra isolate described by Eppley produced a similar toxin ratio, i.e., 12 mg of satratoxin H, 8 mg of satratoxin G, 2 mg of verrucarin J, and 3 mg of roridin E (and 2 mg of satratoxin F not found by us) from 1 kg of oats infected by S. atra (7) . A similar result was obtained in a study of the most polar toxins of a Finnish isolate (13); satratoxin H was found in the largest amount followed by satratoxin G (in addition to a smaller amount of a new compound with a molecular weight of 528). The origins of the isolates do not seem to result in any difference in toxin ratios. Satratoxin H comprised about half (40 to 70%) of the macrocyclic trichothecene compounds synthetized by the S. atra strains investigated. The total amount of satratoxin G, verrucarin J, and roridin E was 30 to 40%.
We examined the verrucarol content of the samples. Without treatment with sodium methoxide the samples did not contain verrucarol. After the treatment with sodium methoxide, the verrucarol content of the whole hydrolyzed sample of the fungus culture was always higher than the amount calculated as the sum of the theoretical verrucarol content of the four macrocyclic trichothecenes measured by HPLC. The four compounds examined gave 80 to 90% of the value that was determined from the hydrolyzed sample. One possible explanation could be the presence of other macrocyclic trichothecenes. To check this possibility, peaks eluted from the HPLC column were individually investigated. Two of them could be transmethylated into verrucarol. For the peak that eluted at a retention time of 10.4 min, it was established on the basis of MS and HPLC, using different solvent systems (13) for comparison with the standard, that this material is identical to the 528-molecularweight, new macrocyclic trichothecene described by Harrach et al. (13) but not yet identified. The molecular weight of the compound from the other peak, eluted at a retention time of 8.8 min, also appeared to be 528. We did not find any data in the literature on the isolation of this compound. Both new compounds isolated were found to be different from the compound isolated by J. French and named i-satratoxin H (personal communication). The toxicity of the two newly isolated compounds was revealed by brine shrimp bioassay.
All of the S. atra strains investigated were isolated in connection with animal diseases that were diagnosed on the basis of symptoms indicating stachybotryotoxicosis. The finding that all of the strains produced the four highly toxic macrocyclic trichothecene Stachybotrys toxins seems to support the theories about their role in stachybotryotoxicosis, as presumed earlier (8, 11) . According to our comparative and quantitative results, satratoxin H seems to be the most dangerous of the Stachybotrys toxins, being produced in the highest amount by all of the strains. In addition, it is the most polar of the four main Stachybotrys toxins, being detected most often under physiological circumstances (14) and having the ability to cause the characteristic cytotoxic effects.
